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Abstract The ‘extreme male brain’ theory suggests 
females with Autism Spectrum Conditions are hyper-mas¬ 
culinized in certain aspects of behavior. We predicted that 
females with Gender Identity Disorder (who are masculin¬ 
ized) would have elevated Autism Spectrum Quotient (AQ) 
scores. AQ scores from five groups were compared: (1) 
n = 61 transmen (female-to-male transsexual people); (2) 
n = 198 transwomen (male-to-female transsexual people); 
(3) n = 76 typical males; (4) n = 98 typical females; and 
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(5) n = 125 individuals with Asperger Syndrome (AS). 
Transmen had a higher mean AQ than typical females, 
typical males and transwomen, but lower than individuals 
with AS. Transmen have more autistic traits and may have 
had difficulty socializing with female peers and thus found 
it easier to identify with male peer groups. 

Keywords Autism Spectrum Conditions • Gender 
Identity Disorder • Autism Spectrum Quotient (AQ) ■ 
Co-occurrence 


Introduction 

Autism Spectrum Conditions (ASC) are characterized by 
difficulties in social interaction and communication, along¬ 
side restricted interests and repetitive behavior (APA 1994). 
ASC occur in approximately 1% of the population (Baird 
et al. 2006), with more males than females receiving a 
diagnosis. The Extreme Male Brain (EMB) theory of autism 
(Baron-Cohen and Hammer 1997) states that individuals 
with an ASC display an extreme of the typical male pattern of 
cognition and behavior (Baron-Cohen 2002). This pattern 
has been found on tests of intuitive physics (Baron-Cohen 
et al. 2001a), systemizing (Baron-Cohen et al. 2003; 
Wheelwright et al. 2006), and attention to detail (Jolliffe and 
Baron-Cohen 1997). In each of these domains, typical males 
score higher than females, and people with ASC (of both 
sexes) score even higher than typical males. This same pat¬ 
tern has also been found on the Autism Spectrum Quotient 
(AQ) which quantifies autistic traits in individuals (Baron- 
Cohen et al. 2001b; Wheelwright et al. 2006). 

Given that in all the studies of ASC cited above, females 
with ASC are hyper-masculinized in specific aspects of 
behaviour and cognition, it may well be that they identify 


*£) Springer 






302 


J Autism Dev Disord (2012) 42:301-306 


more readily with the other sex. A recent study of play by 
girls with ASC found they show masculinization in 
choosing toys that do not require pretend play (Knickmeyer 
et al. 2008), and women with ASC report higher rates of 
tomboyism in childhood (Ingudomnukul et al. 2007). 
Females with ASC may therefore feel that they don’t 
belong in a typical female peer group and in a minority of 
cases it may even lead to develop Gender Identity Disorder 
(GID). An elevated number of autistic traits would confer a 
rigidity on their perceived gender identity, similar to that 
which is observed in individuals with persistent GID from 
childhood to adulthood (Di Ceglie 1998). 

Individuals with GID have a strong and persistent pre¬ 
occupation to live as the other gender than that of their 
biological sex (APA 1994). The co-occurrence of GID and 
ASD has been reported in several case histories (Kraemer 
et al. 2005; Landen and Rasmussen 1997; Mukaddes 2002; 
Tateno et al. 2008), observations from sexual disorder 
clinics (Robinow 2009) and recently, in a larger sample of 
adolescents and children (de Vries et al. 2010). There is 
evidence of similarities between girls with ASC and girls 
with GID. Girls with GID show more male-typical play and 
pastimes more associated with the other sex (APA 1994; 
Zucker 2005) and so do girls with ASC (Knickmeyer et al. 
2008). Also, female-to-male (FM) transsexuals (referred to 
as ‘transmen’) follow a handedness pattern more similar to 
genetic males (less exclusively right-handed) (Green and 
Young 2001; Orlebeke et al. 1992) and the same has been 
found among women with ASC (Soper et al. 1986). 

Given the above similarities and prior reports in the 
literature (de Vries et al. 2010; Kraemer et al. 2005; Lan¬ 
den and Rasmussen 1997; Mukaddes 2002; Tateno et al. 
2008) we use the AQ to test the specific prediction from the 
EMB theory that transmen will have more autistic traits 
than typical women, and that a higher proportion will score 
in the ASC range for autistic traits. We also include niale- 
to-female transsexual people (‘transwomen’) as a com¬ 
parison group. The selection of atypical groups in the 
population thus allows us to test predictions from the EMB 
theory of autism. 

Methods 

Participants 

Transmen and Transwomen 

Transmen (female-to-male transsexuals) and transwomen 
(male-to-female transsexuals) participants were recruited by 
one of the authors (RG) at the Charing Cross Gender Identity 
Clinic, and via our website at www.cambridgepsychology. 
com. The participants completed online personal data 


questions including age, occupation, and whether they had 
received a diagnosis of an intersex, transsexual or other 
DSM-IV major axis condition. A total of 77 transmen and 
352 transwomen completed the AQ. This ratio of trans¬ 
men :trans women mirrors that found in other transsexual 
studies (Michel et al. 2001). 

In the transmen group, 3 volunteers were excluded 
because they reported a diagnosis of bipolar disorder or 
schizophrenia. Data were only analyzed for participants 
who reported they were living in the gender role in line 
with their perceived gender identity. This led to data from 
11 volunteers being excluded, and a further 2 because they 
did not answer that question. Data from 61 transmen were 
fully analyzed (mean age 34.0; range 19-52.7). Of these 
61, 10 reported having lived as their perceived gender for 
less than 12 months, 27 for between one and 4 years, and 
24 for more than 4 years. 48 of the 61 participants reported 
they were taking testosterone. 12 reported that they sexu¬ 
ally preferred men, 28 preferred women, 3 endorsed liking 
neither sex, and 18 endorsed both sexes. One participant 
reported a diagnosis of AS and analyses were conducted 
both with and without this individual. 

In the transwomen group, 4 volunteers were excluded 
because they reported a diagnosis of bipolar disorder. As 
with the transmen group, data were only analyzed for par¬ 
ticipants who reported they were currently living as their 
perceived gender: 148 volunteers were excluded because 
they did not meet this criterion and a further 2 did not 
answer this question. The data from 198 transwomen were 
fully analyzed (mean age 45.1; range 16-75). Of these 198, 
43 reported having lived as their perceived gender for less 
than 12 months, 94 for between one and 4 years, and 61 for 
more than 4 years. 170 of the 198 reported they were taking 
oestrogen. 59 reported that they sexually preferred women, 
69 preferred men, 25 endorsed liking neither sex, and 45 
endorsed both sexes. Six reported a diagnosis of autism or 
AS and, as with the transmen group, analyses were con¬ 
ducted both with and without these individuals. 

Male and Female Controls 

The AQ scores from the male and female general popula¬ 
tion were taken from the data reported elsewhere (Baron- 
Cohen et al. 2001b) (76 males; 98 females; mean age 37.0; 
range 18.1-60.0). 

Participants with Asperger Syndrome (AS) 

The AQ scores for the participants with AS were taken 
from the data collected elsewhere (Wheelwright et al. 
2006). These participants were recruited via the National 
Autistic Society (UK), specialist clinics and advertisements 
in newsletters/web pages. All participants had received a 
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diagnosis from a psychiatrist according to DSM-IV criteria 
(APA 1994). Of the 125 participants, 110 had a diagnosis 
of Asperger Syndrome (AS) and 15 a diagnosis of High 
Functioning Autism (HFA). The data from 69 males and 56 
females were analyzed (mean age 37.6; range 17.6-71.1). 

Autism Spectrum Quotient 

The AQ is a 50-item, self-report questionnaire, which 
assesses social skills, communication skills, imagination 
abilities, attention switching, and attention to details 
(Baron-Cohen et al. 2001b) and which predicts clinical 
diagnosis of Asperger Syndrome (Woodbury-Smith et al. 
2005). There are 10 statements in each of the 5 categories 
and participants choose whether they ‘strongly agree’, 
‘slightly agree’, ‘slightly disagree’, or ‘strongly disagree’ 
with each statement. 1 point is given for the ‘autistic’ type 
response and 0 for the non-autistic type response. The 
higher the score on the AQ, the more autistic traits the 
individual possesses, for complete details of the question¬ 
naire see Baron-Cohen et al. (2001a, b). In the version used 
in the present study, the AQ was presented online and took 
about 5 min to complete. 

Results 

Mean AQ scores from each group are displayed graphically 
in Fig. 1 . An ANOVA with between subject factors of Group 
(Transsexuals vs. Controls vs. ASC group) and Genetic Sex 
and the covariate of age revealed significant main effects of 
Group (F(2, 558) = 303.0, p < 0.0001) and Genetic Sex 
(F(l, 558) = 7.5, p < 0.01) and a significant interaction 
(F(2, 558) = 16.9, p < 0.0001), but no effect of age 
(p > 0.6). Inspection of Fig. 1 suggests that the interaction 
arises because control males (x = 17.8, SD = 6.8) score 



Fig. 1 Mean AQ scores in the three groups. Error bars denote 
standard error of the mean (SEM) 


higher than control females (x = 15.4, SD = 5.7) (t(172) = 
—2.5, p < 0.02, cohen’s d — 3.8), while in the transsexual 
group transmen (x = 23.2, SD = 9.1) score higher than 
transwomen (x = 16.6, SD = 6.9) (t(257) = 5.3, 

p < 0.001, cohen’s d = 0.83). In addition, transmen score 
higher than control females (t(157) = 6.1, p < 0.001, 
cohen’s d = 1.0) but there is no difference between trans¬ 
women and control males (t(272) = 1.3, p > 0.2). The ASC 
group scored (x = 36.7, SD = 8.0) significantly higher than 
all other participants (all p’s < 0.0001), and as in previous 
research, there was no sex difference in this group (ASC 
females: x = 37.4, SD = 8.2; ASC males: x = 35.9, 
SD = 7 . 8 ) (t(123) = 1.0, p > 0.3). When these analyses 
were repeated without the participants with ASC in the 
transsexual groups, the results remained the same. 

The transsexual and control groups only were reanaly¬ 
sed with an ANOVA, using the between subject factors of 
Group and Perceived Gender. This allowed control males 
and transmen, and control females and transwomen, to be 
compared directly. There were significant main effects of 
Group (F(l, 433) = 20.5, p < 0.0001), with transsexual 
people scoring higher than controls and Perceived Gender 
(F(l, 433) = 38.2, p < 0.0001), with males scoring higher 
than females. There was also a significant interaction (F(l, 
433) = 8.3, p < 0.001). Post hoc t-tests revealed that the 
significant interaction arose because transmen scored 
higher than control males (t( 135) = 3.9, p < 0.001, 
cohen’s d = 0.7) but there was no difference between 
transwomen and control females (t(294) = 1.6, p > 0.1). 

To investigate the effect of hormone treatment, those 
taking hormones were compared with those who did not 
report hormone treatment, in both transsexual groups sep¬ 
arately. We found no significant difference between those 
on hormone treatment in either the transwomen (p > 0.6) 
or in the transmen group (p = 0.07), although there was a 
trend. To determine the effect of sexual orientation on AQ 
scores in the transsexual group, we compared those who 
reported to be homosexual (in relation to birth sex) versus 
not homosexual (this included those who endorsed liking 
both or neither sex) and found a significant interaction 
between the transwomen and transmen and sexual orien¬ 
tation (F(l,259) = 4.8, p < 0.03). Transwomen who 
reported not to be homosexual in relation to birth sex (i.e. 
endorsed liking women, both sexes or neither sex) had a 
greater AQ score (x = 17.4, SD = 7.4) than those who 
reported to be homosexual (i.e. preferred men) (x = 15, 
SD = 5 . 6 ) (t(196) = 2.3, p < 0.03, cohen’SD = 0.4), 
whereas there was no difference among the transmen 
(t(59) = 1.0, p > 0.3). 

Scores on the AQ can be used to categorise individuals 
as having the ‘broader autism phenotype’ (BAP: defined as 
AQ 23-28), ‘medium autism phenotype’ (MAP: defined 
as AQ 29-34) or ‘narrow autism phenotype’ (NAP: defined 
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Table 1 Percent of participants 
with each autism phenotype 



Transsexuals 


Controls 



AQ score 

Transwomen 

Transmen 

Males 

Females 


Broader autism phenotype 

23-28 

13.6 

21.3 

15.8 

10.2 


Medium autism phenotype 

29-34 

3.5 

14.8 

5.3 

2.0 


Narrow autism phenotype 

35+ 

1.5 

14.8 

1.3 

0 


as AQ 35+) (Wheelwright et al. 2010). These 3 AQ bands 
represent 1, 2, or 3 standard deviations above the popula¬ 
tion mean, respectively. The percent of participants from 
the transsexual and control groups with each of these 
phenotypes is shown in Table 1. The transmen had sig¬ 
nificantly more autistic traits than control men and their 
mean AQ score lies in the BAP range. Approximately 30% 
of the transmen group had an AQ in the MAP or NAP 
range. Transmen had a 11-fold increase in the rate of NAP 
relative to typical males. 

Discussion 

This study confirms clinical case studies and reports in 
adolescents and children that genetic females with Gender 
Identity Disorder (GID) have an increased number of 
autistic traits. Our results demonstrate that transmen (rel¬ 
ative to control women) have more autistic traits, as mea¬ 
sured by the Autism Spectrum Quotient (AQ). They also 
had significantly more autistic traits than control men, and 
their mean AQ score lies in the Broader Autism Phenotype 
(BAP) range. Approximately 30% of the transmen had an 
AQ in the Medium (MAP) or Narrow Autism Phenotype 
(NAP) range, which would warrant clinical investigation if 
this level of autistic traits was causing suffering or 
impacting on daily functioning (Woodbury-Smith, et al. 
2005). Transmen had a 11-fold increase in the rate of NAP 
relative to typical males. We speculate that this increased 
number of autistic traits is likely to have made the trans¬ 
men (in their childhood and adolescence) less able to 
assimilate in a female peer group, instead gravitating 
towards males. This may also have led to difficulties 
socializing in a female peer group, and a feeling of 
belonging more in a male group, thus increasing the 
probability of GID. 

Assuming AQ is relatively stable throughout life, 
transmen can be assumed to have had an increased number 
of autistic traits in early development, possibly because of 
elevated foetal testosterone (FT) levels (Auyeung et al. 
2009; 2010) and/or genetic factors (Hoekstra et al. 2007). 
Such an idea fits with research based on studies of amniotic 
testosterone levels that show a correlation between foetal 
testosterone (FT) and autistic traits (Auyeung et al. 2009; 
2010). This is not to say that current testosterone levels are 


average in adults with GID and ASC, since testosterone- 
linked medical conditions (such as polycystic ovary syn¬ 
drome (PCOS) and delayed menarche) are reported to be 
elevated in women with ASC (Ingudomnukul, et al. 2007; 
Knickmeyer et al. 2006b) and there are some reports of 
increased PCOS in transmen (Baba et al. 2007) while 
others have not found this increase (Mueller et al. 2008). 
This may reflect a continuing elevation of androgen levels 
from foetal through to current circulation. The fact that a 
similar pattern of PCOS rates is also found in mothers of 
women with ASC suggests this may be occurring for 
genetic reasons (Ingudomnukul et al. 2007). A recent 
genetic study from our lab suggests that genes that control 
sex steroid hormones are associated with both ASC and 
autistic traits (Chakrabarti et al. 2009). 

We found there was no difference between transwomen 
and control males on the AQ: trans women have a mean AQ 
score that lies in the average range for both control males 
and females, and is not significantly different from either. 
Similarly, the proportion of transwomen with BAP and 
MAP also lies between control males and control females. 
Interestingly, within the 198 transwomen group, there were 
6 individuals (i.e. 3%) with a diagnosis of AS. This rate is 
about 3 times as many as in the general population (Baird 
et al. 2006), although we have not calculated confidence 
intervals for this, it is consistent with previous studies (de 
Vries et al. 2010). Interestingly, among the transwomen 
sexual preference influenced AQ scores, consistent with 
findings that there are different typologies among trans¬ 
women based upon their sexual orientation (Lawrence 
2010). Future research should explore this connection, as it 
appears that the association between GID and ASC in 
transwomen is complex. 

It is important to consider certain limitations of the 
present study. First, it is based purely on self-report. It 
would be worthwhile repeating the study with an informant 
completing the AQ. Second, recruitment was conducted 
through multiple sources (the clinic and online) which may 
have resulted in a more heterogeneous participant popula¬ 
tion, which could be explored in future studies. Lastly, a 
proportion of the transsexual groups were taking hormone 
treatments and for obvious ethical reasons it was not pos¬ 
sible to control for this factor but it is of interest that 
analysis comparing those on or off testosterone treatment 
did not lead to significantly different AQ scores. This raises 


<£) Springer 








J Autism Dev Disord (2012) 42:301-306 


305 


the idea that current sex steroid levels do not affect AQ, 
while foetal levels of sex steroids may affect AQ. 

The relevance of these results for clinicians working 
with transmen is clear. These are chromosomally female 
individuals, who have felt masculinized since childhood, 
and rather than simply assuming the GID is the primary 
problem, the link between autistic traits and GID should be 
explored. Clinically, even if only for a minority of indi¬ 
viduals considering sex reassignment surgery (SRS), the 
formulation of undiagnosed AS might be a helpful alter¬ 
native to explore. Score on the AQ need not affect whether 
the individual continues on their chosen path for SRS but 
may help the person in examining the reasons behind their 
choices and consequently make better informed decisions 
about treatment and physical interventions. 

In closing, this study provides evidence that transmen 
have an elevated number of autistic traits. This may be a 
reflection of elevated FT levels since both normative 
amniotic testosterone studies (Chapman et al. 2006; 
Knickmeyer et al. 2005) and studies of rare genetic con¬ 
ditions in which FT levels are abnormally high (such as in 
females with Congenital Adrenal Hyperplasia) (Knick¬ 
meyer et al. 2006a) indicate that higher FT is correlated 
with reduced empathy, reduced social interest, reduced 
social skills, and higher AQ scores. Quite how this is 
expressed in terms of neural masculinization (Baron-Cohen 
et al. 2005) is an important question for further study, 
which we are currently seeking to answer using MRI in 
children whose amniotic FT levels are known. The cau¬ 
sation of GID and its development is complex and this 
paper is a contribution regarding a particular association 
between GID and ASC. 
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